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The formulation of the Higgs eet is studied in the GlashowWeinbergSalam Standard Model,
where the onstant part of the Higgs potential is identied with the zeroth mode of the Higgs eld. In
this model, the ColemanWeinberg eetive potential obtained from the vauumvauum transition
amplitude is equal to unity at the extremum. This extremum immediately removes tremendous
vauum osmologial density and predits mass of Higgs eld. In this model, the kineti energy
density of the Higgs eld and any salar eld an be treated as the rigid state origin that explains
Supernova data in the onformal osmology without the Λ term.
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INTRODUCTION
The disovery and researh of the Higgs boson are the highest priority of modern elementary partile
physis. Existing of the Higgs partile is immediately assoiated with the fundamental question about
mass-generation mehanism [1℄. However, the status of this mehanism in partile physis is not well
and lear dened. The Higgs potential is added to the Standard Model by artiial phenomenologial
onstrution. This "by hand" onstrution leads to fundamental problems in orret formulation of the
theory - in this self-onsistent spontaneous symmetry breaking mehanism.
The other alive problem is the uniation of the General Relativity with the Standard Model leading
to tremendous vauum osmologial density. The problem of the vauum density beomes ruial in
the ontext of the explanation of the last supernovae data on the luminosity distane  redshift relation
[2, 3℄. Reall that the best t to the points inluding 189 high-redshift Type Ia supernovae [2, 3℄ requires a
osmologial onstant ΩΛ = 0.7 and ΩColdDarkMatter = 0.3 in the ase of the standard osmologial model
with absolute units ds2Einstein = gµνdx
µdxν . An alternative desription of the SN data without a Λ-term
are also disussed among other possibilities [4, 5, 6, 7, 8℄ as evidene for the Weyl geometry [9℄, where all
measurable quantities and their units are onsidered on equal footing ds2Weyl = ds
2
Einstein/ds
2
Einstein Units.
The relative units leads to onformal osmologial models, where the supernovae data is ompatible with
the rigid state Ωrig = 0.85 ± 0.15, and ΩCDM = 0.15 ± 0.10. However, in both the ases, the standard
osmology and the onformal one, a question arises What is an origin of the Λ-term or the rigid state,
respetively?
In this paper, the onformal-invariant formulation of the vauum Higgs eet is studied in the ontext
of solution of the problems of tremendous vauum osmologial density and the origin of the rigid state
needed for explanation of the supernovae data in onformal osmology [5, 6℄. We show that the origin of
the rigid state an be kineti energy density of any salar eld inluding the Higgs eld, if the potential
energy of this eld is suppressed or is absent.
As rst we disuss the onformal-invariant formulation of the Higgs eet and the ondensate meha-
nism of spontaneously symmetry breaking. Next part of paper is devoted to a status of the salar Higgs
eld in the ontext of the uniation of the General Relativity and the Standard Model ompatible with
the Newton law. Finally we study the osmologial aspets of the Higgs eet.
THE STANDARD MODEL
Aeptable Higgs eet
The Standard Model onstruted on the YangMills theory [10℄ with the symmetry group SU(2)×U(1)
is known as the Glashow-Weinberg-Salam theory of eletroweak interations [11℄. The ation of the
2Standard Model in the eletroweak setor with presene of the Higgs eld an be written in the form
SSM =
∫
d4xLSM =
∫
d4x [LInd + LHiggs] , (1)
where
LInd = −1
4
GaµνG
µν
a −
1
4
FµνF
µν +
∑
s
s¯R1 ıγ
µ
(
D(−)µ + ıg
′Bµ
)
sR1 +
∑
s
L¯sıγ
µD(+)µ Ls, (2)
is the Higgs eld independent part of the Lagrangian and
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − C2]2︸ ︷︷ ︸
VHiggs
(3)
is the Higgs eld dependent part. Here∑
s
fss¯s ≡
∑
s=s1,s2
fs [s¯sRssL + s¯sLssR] , (4)
1
4
∑
v
g2vV
2 ≡ 1
4
∑
v=W1,W2,Z
g2vV
2 =
g2
4
W+µ W
−µ +
g2 + g′2
4
ZµZ
µ
(5)
are the mass-like terms of fermions and W-,Z-bosons oupled with the Higgs eld,
Gaµν = ∂µA
a
ν − ∂νAaµ + gεabcAbµAcν is the eld strength of non-Abelian SU(2) elds (that give weak
interations) and Fµν = ∂µBν − ∂νBµ is the eld strength of Abelian U(1) (eletromagneti interation)
ones, D
(±)
µ = ∂µ − ig τa2 Aaµ ± i2g′Bµ are the ovariant derivatives, L¯s = (s¯L1 s¯L2 ) are the fermion doublets,
g and g′ are the Weinberg oupling onstants, and measurable gauge bosons W+µ , W
−
µ , Zµ are dened
by the relations:
W±µ ≡ A1µ ±A2µ =W 1µ ±W 2µ , (6)
Zµ ≡ −Bµ sin θW +A3µ cos θW , (7)
tan θW =
g′
g
, (8)
where θW is the Weinberg angle.
The ruial meaning has a distribution of the Higgs eld φ on the zeroth Fourier harmoni
〈φ〉 = 1
V0
∫
d3xφ (9)
and the nonzeroth ones h, whih we will all the Higgs boson
φ = 〈φ〉 + h√
2
,
∫
d3xh = 0. (10)
In the aeptable way, 〈φ〉 satises the partile vauum lassial equation (h = 0)
δVHiggs(〈φ〉)
δ〈φ〉 = 4〈φ〉[〈φ〉
2 − C2] = 0 (11)
that has two solutions
〈φ〉1 = 0, 〈φ〉2 = C 6= 0. (12)
The seond solution orresponds to the spontaneous vauum symmetry breaking that determines the
masses of all elementary partiles
MW =
〈φ〉√
2
g (13)
MZ =
〈φ〉√
2
√
g2 + g′2 (14)
ms = 〈φ〉ys, (15)
3aording to the denitions of the masses of vetor (v) and fermion (s) partiles
Lmass terms = M
2
v
2
VµV
µ −mss¯s. (16)
Conformal Higgs eet
The Hamiltonian approah to the Standard Model onsidered in [12℄ leads to fundamental operator
quantization that allows a possibility of dynami spontaneous symmetry breaking based on the Higgs
potential (3), where instead of a dimensional parameter C we substitute the zeroth Fourier harmoni (9)
LHiggs = ∂µφ∂µφ− φ
∑
s
fss¯s+
φ2
4
∑
v
g2vV
2 − λ [φ2 − 〈φ〉2]2︸ ︷︷ ︸
VHiggs
. (17)
After the separation of the zeroth mode (10) the bilinear part of the Higgs Lagrangian takes the form
LbilinearHiggs =
1
2
∂µh∂
µh− 〈φ〉
∑
s
fss¯s+
〈φ〉2
4
∑
v
g2vV
2 − 2λ〈φ〉2h2. (18)
In the lowest order in the oupling onstant, the bilinear Lagrangian of the sum of all elds
S(2) =
∑
F S
(2)
F [〈φ〉] arises with the masses of vetor (13), (14), fermion (s) (15) and Higgs (h) parti-
les:
mh = 2
√
λ〈φ〉. (19)
The sum of all vauum-vauum transition amplitude diagrams of the theory is known as the eetive
Coleman  Weinberg potential [13℄
V
conf
eff (〈φ〉) = −iTr log < 0|0 >(〈φ〉)= −iTr log
∏
F
G−AFF [〈φ〉]GAFF [φI], (20)
where G−AFF are the Green-funtion operators with AF = 1/2 for bosons and AF = −1 for fermions. In
this ase, the unit vauum-vauum transition amplitude < 0|0 >
∣∣∣
〈φ〉=φI
= 1 means that
V
conf
eff (φI) = 0, (21)
where φI is a solution of the variation equation
∂20〈φ〉+
dVconfeff (〈φ〉)
d〈φ〉
∣∣∣∣∣
〈 φ〉=φI
= ∂20〈φ〉+
∑
s
fs <s¯s> −〈φ〉
2
∑
v
g2v <V
2> +4λ〈φ〉 <h2>= 0, (22)
here < V 2 >,< s¯s >,< h2 > are the ondensates determined by the Green funtions in [12℄
< V 2 >= 〈Vµ(x)Vµ(x)〉 = −2L2v(MR v), (23)
< s¯s >= 〈ψα(x)ψα(x)〉 = −mRsL2s(mRs); (24)
< h2 >= 〈h(x)h(x)〉 = 1
2
L2h(mRh); (25)
here L2p(m
2
p) are values of the integral
L2p(m
2
p) =
1
(2pi)3
∫
d3k√
m2p + k
2
. (26)
Finally, using the denitions of the ondensates and masses (13), (14),(15),(19) we obtain the equation
of motion
〈φ〉∂20 〈φ〉 =
∑
s
m2sL
2
s − 2
∑
v
M2vL
2
v −
1
2
m2hL
2
h. (27)
4In the lass of onstant solutions ∂20〈φ〉 ≡ 0 this equation has two solutions
〈φ〉1 = 0, 〈φ〉2 = C 6= 0. (28)
The nonzero solution means that there is the Gell-MannOakesRenner type relation
L2hm
2
h = 2
∑
s=s1,s2
L2sm
2
s − 4[2M2WL2W +M2ZL2Z ]. (29)
In the minimal SM [14℄, a three olor t-quark dominates
∑
sm
2
s ≃ 3m2t beause ontributions of other
fermions
∑
s6=tm
2
s/2mt ∼ 0.17 GeV are very small. In the large ut-o limit we have the equality
L2W = L
2
Z = L
2
s = L
2
h = L
2
whih immediately leads to alulation of the Higgs mass
mh =
√
6m2t − 4[2M2W +M2Z ] = 311.6± 8.9GeV, (30)
if we substitute the PDG data by the values of masses of bosons MW = 80.403 ± 0.029 GeV, MZ =
91.1876± 0.00021 GeV, and t-quark mt = 174.2± 3.3 GeV.
If we suppose that the ondensates L2p(m
2
R p) are dened by the subtration proedure assoiated with
the renormalization of masses and wave funtions leading to the nite value
L2Rp(m
2
R p) = L
2
p(m
2
Rp)− L2p(0)−m2Rp

 d
dm2R p
L2p(m
2
Rp)
∣∣∣∣∣
m2
Rp
=0

 = γm2Rp, (31)
where γ is the universal parameter, the sum rule (29) takes the form m4h = 6m
4
t − 4[2M4W +M4Z ]. This
sum rule gives the value of the Higgs mass
mh =
4
√
6m4t − 4[2M4W +M4Z ] = 264.6± 7.5GeV. (32)
CONFORMAL UNIFICATION WITH THE GENERAL RELATIVITY
The unied ation
As it is known [15℄ pure Einstein gravitation in absene of the matter elds is given by the Hilbert
ation
SGR =
∫
d4x
√−g
[
−ϕ
2
0
6
(4)R(g)
]
, (33)
where 1/ϕ20 = 8piG/3 is dimensional parameter determined by the Newton onstant G, and g is the metri
determinant.
The ation of the SM in the eletroweak setor, with presene of the onformally oupled Higgs eld
an be write in the form
SSM =
∫
d4x
√−gLSM =
∫
d4x
√−g
[
φ2
6
(4)R(g) + LInd + LHiggs
]
, (34)
that diers from (1) by the urvature term.
In aeptable QFT uniation of the General Relativity and the Standard Model is onsidered as the
diret algebraial sum of GR (33) and SM (1) ations
SGR&SM = SGR + SSM. (35)
in the Riemannian manifold.
5Higgs-metri mixing. Restoration of Newton's law.
The General Relativity and the Standard Model reet almost all physial eets and phenomena
revealed by measurements and observations, however, it does not means that the diret sum of the
ations of GR an SM lies in agreement with all these eets and phenomena. One an see that the
onformal oupling Higgs eld φ with onformal weight n = −1 distorts the Newton oupling onstant
in the Hilbert ation (33)
SGR+Scalar =
∫
d4x
√−g
[
−
(
1− φ
2
ϕ20
)
ϕ20
6
R(g) + gµν∂µφ∂νφ
]
(36)
due to the additional urvature term in the Higgs Lagrangian (3) 1−φ2/ϕ20. This distortion hanges the
Einstein equations and their standard solutions of the Shwarzshild type and other [16, 17, 18℄.
The oeient 1−φ2/ϕ20 restrits region, where the Higgs eld is given, by the ondition φ2 < ϕ20,
beause in other region φ2 > ϕ20 the sign before the 4-dimensional urvature is hanged in the Hilbert
ation (33).
In order to keep the Einstein theory (33), one needs to onsider only the eld onguration suh that
φ2 < ϕ20. For this ase one an introdue new variables by the BekensteinWagoner transformation [16℄
gµν = g
(B)
µν cosh
2Q ≃ g(B)µν , (37)
φ2 = ϕ20 sinh
2Q ≃ ϕ20Q2, (38)
s(B) = (coshQ)
−3/2s (39)
onsidered in [17, 18℄. These variables restore the initial EinsteinHilbert ation (36) with the standard
Newton law in the following way
SGR+Scalar = ϕ
2
0
∫
d4x
√−g(B) [−R(g(B))
6
+ gµν(B)∂µQ∂νQ
]
. (40)
Now it is lear that the BekensteinWagoner (BW) transformation onverts the onformal oupling
Higgs eld with the weight n = −1 into the minimal oupling salar eld Q - an angle of the salar 
sale mixing that looks like a salar graviton with the onformal weight n = 0.
The Plank mass beame one more parameter of the Higgs Lagrangian, so that the lowest order of the
Lagrangian after deomposition
Q = 〈Q〉+ h
ϕ0
√
2
(41)
over small onstant 〈Q〉 ∼ C/ϕ0 ≪ 1 reprodues the aeptable Standard Model ation (17)
LλHiggs(〈Q〉) = ϕ20gµν(B)∂µQ∂νQ− 〈Q〉ϕ0
∑
s
fss¯(B)s(B) +
〈Q〉2ϕ20
4
∑
v
g2vV
2 − 4λ〈Q〉2ϕ20h2. (42)
CONFORMAL COSMOLOGY. THE HIGGS EFFECT.
Sine the end of the XX entury supernovae data has widespread tested for all theoretial osmologial
models. The main reason of this is the fat that supernovae "standard andles" are still unknown or
absent [19℄. Moreover, the rst observational onlusion about aelerating Universe and existene of
non-vanishing the Λ-term was done with the osmologial SNe Ia data. Therefore, typially standard
(and alternative) osmologial approahes are heked with the test.
Models of Conformal Cosmology are also disussed among other possibilities [4, 5, 6, 8℄. Conformal
Cosmology is an alternative desription of the Supernovae data without the Λ-term as evidene for the
Weyl geometry [9℄ with the relative units interval ds2Weyl = ds
2
Einstein/ds
2
Einstein Units where all measurable
quantities and their units are onsidered on equal footing. There is the salar version of the Weyl geometry
desribed by the onformal-invariant ation of a massless salar eld [20℄ with the negative sign that is
6mathematially equivalent to the Hilbert ation of the General Relativity where the role of the salar
eld φ is played by the parameter of the sale transformation gΩ = Ω2g multiplied by the Plank mass
φ = ΩMPlanck
√
3/(8pi) [21℄.
Let us onsider the FriedmannRobertsonWalker (FRW) metri
ds2 = ds2FRW = a
2(x0)[(dη)2 − (dxidxi)], ds2Weyl = (dη)2 − (dxidxi), (43)
a = ϕ/ϕ0, ϕ0 =MPlanck
√
3
(8pi)
(44)
η =
∫
dx0N0(x
0), V0 =
∫
d3x. (45)
The onformal vauum Higgs eet in the osmologial approximation is desribed by the ation
Sc[ϕ|Q]
∣∣∣
N0 6=1
= V0
∫
dx0
[
ϕ2
N0
(
d〈Q〉
dx0
)2
− 1
N0
(
dϕ
dx0
)2
−N0Vconfeff (ϕ〈Q〉)
]
, (46)
where V
conf
eff (ϕ〈Q〉) is the ColemanWeinberg eetive potential and is given by the formula (20). These
ation and interval keep the symmetry with respet to reparametrizations of the oordinate evolution
parameter x0 → x0 = x0(x0). Therefore, the osmologial model (46) an be onsidered by analogy
with a model of a relativisti partile in the Speial Relativity (SR) inluding the Hamiltonian approah
to this theory. The anonial onjugate momenta of the theory (46) are
Pϕ = 2ϕ
′V0, P〈Q〉 = 2ϕ
2〈Q〉′V0 (47)
where f ′ =
df
dη
. After Hamiltonian redution the ation has a form
S[ϕ|Q] =
∫
dx0
[
P〈Q〉
d〈Q〉
dx0
− Pϕ dϕ
dx0
− N0
4V0
(−P 2ϕ + E2ϕ)
]
, (48)
where
Eϕ = 2V0
[
P 2〈Q〉
4V 20 ϕ
2
+ Vconfeff (ϕ〈Q〉)
]1/2
(49)
is treated as the "energy of a universe".
The lassial energy onstraint in the model (48) is
P 2ϕ − E2ϕ = 0 (50)
and repeat ompletely the osmologial equations in the ase of the rigid state equation Ωrigid = 1 beause
due to the unit vauum-vauum transition amplitude V confeff (ϕ〈QI〉) = 0
ϕ20a
′2 =
P 2QI
4V 20 ϕ
2
= H20
Ωrigid
a2
, (51)
where PQI is a onstant of the motion
P ′QI = 0, (52)
beause in the equation of motion
P ′〈Q〉 +
dVconfeff (ϕ〈Q〉)
d〈Q〉 = 0, (53)
the last term is equal zero
dVconfeff (ϕ〈Q〉)
d〈Q〉 = 0 if all masses satisfy the Gell-MannOakesRenner type
relation (29).
7The solution of these equations take the form
ϕ(η) = ϕI
√
1 + 2HIη, 〈Q〉(η) = QI + log
√
1 + 2HIη, (54)
where
ϕI = ϕ(η = 0), HI ≡ ϕ
′(η = 0)
ϕ(η = 0)
=
P〈Q〉
2V0ϕ2I
, (55)
QI = 〈Q〉(η = 0), P〈Q〉 = const (56)
are the ordinary free initial data of the equation of the motion. Besides of the Higgs eld QH an be
one more (massless) salar eld QA (of the type of axion (A)). In this ase
ϕ(η) = ϕI
√
1 + 2HIη, (57)
QA(η) = QAI +
HA
2HI log (1 + 2HIη), (58)
QH(η) = QHI +
HH
2HI log (1 + 2HIη), (59)
where ϕI ,HI =
√
H2A +H2H and QAI ,HA =
PA
2V0ϕ2I
and QHI ,HH = PH
2V0ϕ2I
are free initial data in the
CMB frame of referene, in the ontrast to the Inationary model, where ϕI = H(η = η0).
As it was shown [4, 22℄ there are initial data of quantum reation of matter at zI + 1 = 10
15/3, and
a value of the Higgs-metri mixing angle Q0 ≃ 3 × 10−17 is in agreement with the present-day energy
budget of the Universe.
SUMMARY
In this paper we study the onformal-invariant formulation of the vauum Higgs eet in the ontext
of solution of the problems of tremendous vauum osmologial density and the origin of the rigid state
needed for explanation of the Supernova data in onformal osmology [5, 6℄.
The onformal formulation of General Relativity and Standard Model was studied in the ontext
of its onsisteny with the Higgs eet, Newton law, and the Super Novae luminosity-distane redshift
relation. The onformal formulation admits the dynami version of the Higgs potential, where its onstant
parameter is replaed by the zeroth Fourier harmoni of the very Higgs eld. In this ase, the zeroth
mode equation is a new sum-rule that predits mass of the Higgs eld (30) or (32).
In this way the onformal vauum version of the Higgs mehanism gives the possibility to solve the
question about the nonzero vauum value of the salar eld with the zero vauum osmologial energy as
a onsequene of the unit vauum-vauum transition amplitude. The onformal vauum version of the
Higgs mehanism gives the possibility to explain the dominane of the most singular rigid state at the
epoh of the intensive vauum reation of the primordial vetor bosons. As it was shown, it is ompatible
with energy budget of the universe [4℄ and the Supernova data [5, 6, 7℄.
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